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(57) ABSTRACT

An urban design pipeline is configured to automatically
generate design options that meet competing design objec-
tives. A geometry engine within the urban design pipeline
generates candidate designs for an urban design project. An
evaluation engine within the urban design pipeline evaluates
the degree to which each candidate design addresses the
competing design objectives to produce a set of design
metrics. A tradeoff engine within the urban design pipeline
generates a design tradeoff space based on the candidate
designs and corresponding design metrics. The tradeoff
engine traverses the design tradeoff space based on perfor-
mance modifications to adjust the degree to which the
competing design objectives are addressed. The perfor-
mance modifications can be obtained from any number of
stakeholders in the urban design project. In this manner, the
urban design pipeline generates and/or modifies candidate
designs to generate design options that balance competing
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design objectives that potentially originate from multiple
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TECHNIQUES FOR AUTOMATICALLY
ANALYZING COMPETING DESIGN
OBJECTIVES WHEN GENERATING

DESIGNS FOR URBAN DESIGN PROJECTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of United
States provisional patent application titled, “Generative
Design Techniques for Urban and Neighborhood Planning,”
filed on Nov. 10, 2017 and having Ser. No. 62/584,711. The
subject matter of this related application is hereby incorpo-
rated herein by reference.

BACKGROUND
Field of the Various Embodiments

Embodiments of the present invention relate generally to
computer-aided design technology and, more specifically, to
techniques for automatically analyzing competing design
objectives when generating designs for urban design proj-
ects.

DESCRIPTION OF THE RELATED ART

In a typical urban design project, a designer generates a
design for developing a property. For example, the designer
could plan the placement and organization of a number of
houses to be built within a housing subdivision. The
designer typically generates each design by manually and/or
mentally making a number of design choices based on
various design criteria and design objectives associated with
the urban design project. A given design criterion could
indicate, for example, a number of apartment units that
should be built. A given design objective could indicate, for
example, that population density should be maximized. As a
general matter, designers rely on intuition and experience
when making the various design choices involved with the
traditional design process.

Most urban design projects are driven by multiple com-
peting design objectives. For example, a design project
associated with a neighborhood could be driven by a first
design objective where population should be maximized as
well as a second design objective where traffic congestion
should be minimized. These two design objectives would
tend to compete with one another because adding to the
population of a neighborhood typically would increase the
number of cars driving through the neighborhood, which
likely would result in increased traffic congestion. When
making the various design choices during the traditional
design process discussed above, a designer typically makes
tradeoffs between competing design objectives in an effort to
generate designs that adequately address the various com-
peting concerns reflected in those design objectives. For
example, the designer could generate a neighborhood design
that achieves a denser population but also includes a street
layout designed to reduce traffic congestion. As a general
matter, designers rely on intuition and experience when
making tradeoffs between competing design objectives dur-
ing the traditional design process. This approach suffers
from at least two drawbacks.

First, urban design projects are usually driven by so many
competing design objectives that designers oftentimes
become overwhelmed and fail to make balanced tradeoffs
between those competing design objectives. For example,
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2

the designer could fail to make a balanced tradeoff between
population density and traffic congestion and generate a
neighborhood design that includes numerous high-density
apartment buildings but lacks the roadways needed to reduce
traffic congestion.

Second, urban design projects are typically driven by
competing design objectives derived from different stake-
holders, which can complicate the process of making
tradeoffs between various design objectives. For example,
the designer could be tasked with maximizing population
density in order to achieve a target profit level set by the
owner of the property and also be tasked with minimizing
traffic congestion to appease environmentally-friendly
potential occupants. In order to make a balanced tradeoff
between these two design objectives, the designer would
need to coordinate with both parties, which can add com-
plexity to an already complex decision-making process.

As the foregoing illustrates, what is needed in the art are
more effective techniques for quantitatively analyzing com-
peting design objectives when generating designs for urban
design projects.

SUMMARY

Various embodiments include a computer-implemented
method for generating designs for an urban design project
via a computer-aided design (CAD) application, including
generating, via a tradeoff engine included in the CAD
application, a design tradeoft space that includes a plurality
of candidate designs positioned along multiple dimensions
within the design tradeoff space based on different sets of
design metrics, determining, via the tradeoff engine, a first
set of performance modifications based on one or more user
interactions, wherein the first set of performance modifica-
tions indicates changes that, when applied to a first set of
design metrics associated with a first candidate design,
produce a second set of design metrics, traversing, via the
tradeoff engine, the design tradeoff space from the first
candidate design to a second candidate design based on the
first set of performance modifications, wherein the second
candidate design is associated with the second set of design
metrics, generating, via the tradeoft engine, a first combined
metric for the first candidate design based on the first set of
metrics, and generating, via the tradeoff engine, a second
combined metric for the second candidate design based on
the second set of metrics, wherein the second combined
metric is greater than the first combined metric, thereby
indicating that the second candidate design is a higher
ranked design than the first candidate design.

At least one technological advantage of the disclosed
urban design pipeline is that design options are automati-
cally generated that meet numerous competing design objec-
tives. Accordingly, a designer can generate design options
with minimal risk of failing to adequately balance those
competing design objectives or failing to address any spe-
cific design objective

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the various embodiments can be understood in detail, a more
particular description of the inventive concepts, briefly sum-
marized above, may be had by reference to various embodi-
ments, some of which are illustrated in the appended draw-
ings. It is to be noted, however, that the appended drawings
illustrate only typical embodiments of the inventive con-
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cepts and are therefore not to be considered limiting of scope
in any way, and that there are other equally effective
embodiments.

FIG. 1 illustrates a system configured to implement one or
more aspects of the present invention;

FIG. 2 is a more detailed illustration of the urban design
pipeline of FIG. 1, according to various embodiments of the
present invention;

FIGS. 3A-3B illustrates how the tradeoft engine of FIG.
2 automatically analyzes and makes tradeoffs between com-
peting design objectives, according to various embodiments
of the present invention; and

FIG. 4 is a flow diagram of method steps for automatically
analyzing competing design objectives when generating
designs for urban design projects, according to various
embodiments of the present invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a more thorough understanding of the
various embodiments. However, it will be apparent to one
skilled in the art that the inventive concepts may be practiced
without one or more of these specific details.

As noted above, a designer usually implements a tradi-
tional design process when generating designs for an urban
design project. In so doing, the designer manually and/or
mentally makes a number of design choices in order to meet
various design criteria and design objectives. Urban design
projects are oftentimes driven by numerous competing
design objectives the designer balances when making the
design choices. However, with increasingly complex urban
design projects, designers have to balance an exceedingly
large number of competing design objectives. Consequently,
designers sometimes fail to make balanced tradeoffs
between competing design objectives and generate designs
that neglect specific design objectives altogether. Further-
more, competing design objectives sometimes originate
from different stakeholders in the urban design project,
potentially placing the designer in the awkward position of
having to negotiate between two different parties having
contrary desires.

To address these issues, embodiments of the invention
include an urban design pipeline configured to automatically
generate design options that meet competing design objec-
tives. A geometry engine within the urban design pipeline
generates candidate designs for an urban design project. An
evaluation engine within the urban design pipeline evaluates
the degree to which each candidate design addresses the
competing design objectives to produce a set of design
metrics. A tradeoff engine within the urban design pipeline
generates a design tradeoff space based on the candidate
designs and corresponding design metrics. The tradeoff
engine traverses the design tradeoff space based on one or
more performance modifications to adjust the degree to
which the competing design objectives are addressed. The
performance modifications can be obtained from any num-
ber of stakeholders in the urban design project. In this
manner, the urban design pipeline generates and/or modifies
candidate designs to generate design options that balance
competing design objectives that potentially originate from
multiple stakeholders.

At least one technological advantage of the disclosed
urban design pipeline is that design options are automati-
cally generated that meet numerous competing design objec-
tives. Accordingly, a designer can generate design options
with minimal risk of failing to adequately balance those
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competing design objectives or failing to address any spe-
cific design objective. Another technological advantage is
that the disclosed urban design pipeline automatically
adjusts a set of candidate designs based on multiple perfor-
mance modifications that can be obtained from different
stakeholders in the urban design project. Thus, the designer
is relieved from having to negotiate between stakeholders
with contrary intentions for the urban design project. Addi-
tionally, the designer may later be able to structure discus-
sions between stakeholders to identify mutually beneficial
solutions that would otherwise be difficult or impossible to
generate. These technological advantages represent multiple
technological advancements relative to prior art approaches.

System Overview

FIG. 1 illustrates a system configured to implement one or
more aspects of the present invention. As shown, a system
100 includes one or more clients 110 and one or more
servers 130 configured to interoperate to generate a set of
design options 140 for an urban design project. A given
client 110 or a given server 130 may be any technically
feasible type of computer system, including a desktop com-
puter, a laptop computer, a mobile device, a virtualized
instance of a computing device, a distributed and/or cloud-
based computer system, and so forth. Clients 110 and servers
130 are coupled together via a network 150. Network 150
may be any technically feasible set of interconnected com-
munication links, including a local area network (LLAN),
wide area network (WAN), the World Wide Web, or the
Internet, among others.

As further shown, a client 110 includes a processor 112,
input/output (1/O) devices 114, and a memory 116, coupled
together. Processor 112 includes any technically feasible set
of hardware units configured to process data and execute
software applications. For example, processor 112 could
include one or more central processing units (CPUs). 1/O
devices 114 include any technically feasible set of devices
configured to perform input and/or output operations,
including, for example, a display device, a keyboard, and a
touchscreen, among others.

Memory 116 includes any technically feasible storage
media configured to store data and software applications,
such as, for example, a hard disk, a random-access memory
(RAM) module, and a read-only memory (ROM). Memory
116 includes client-side urban design pipeline 120(0). Cli-
ent-side urban design pipeline 120(0) is a software applica-
tion that, when executed by processor 112, causes processor
112 to participate in generating design options 140. In doing
so, client-side urban design pipeline 120(0) interoperates
with a corresponding client-side urban design pipeline 120
(1) that resides within server 130, as described in greater
detail below.

Server 130 includes a processor 132, 1/0 devices 134, and
amemory 136, coupled together. Processor 132 includes any
technically feasible set of hardware units configured to
process data and execute software applications, such as one
or more CPUs. [/O devices 134 include any technically
feasible set of devices configured to perform input and/or
output operations, such as a display device, a keyboard, or
a touchscreen, among others.

Memory 136 includes any technically feasible storage
media configured to store data and software applications,
such as, for example, a hard disk, a RAM module, and a
ROM. Memory 136 includes server-side urban design pipe-
line 120(1). Server-side urban design pipeline 120(1) is a
software application that, when executed by processor 132,
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causes processor 132 to participate in generating design
options 140. In so doing, server-side urban design pipeline
120(1) interoperates with client-side urban design pipeline
120(0), as mentioned above.

In operation, one or more instances of client-side urban
design pipeline 120(0) and one or more instances of server-
side urban design pipeline 120(1) interoperate to generate
multiple design options 140(0)-140(N). Each design option
140 describes a different development plan for developing a
physical property to meet a set of competing design objec-
tives. As a general matter, one or more client-side urban
design pipelines 120(0) and one or more server-side urban
design pipelines 120(1) collectively represent different por-
tions of a distributed software entity. Thus, for simplicity,
client-side urban design pipeline 120(0) and server-side
urban design pipeline 120(1) will be collectively referred to
herein as urban design pipeline 120. Urban design pipeline
120 is described in greater detail below in conjunction with
FIG. 2.

FIG. 2 is a more detailed illustration of the urban design
pipeline of FIG. 1, according to various embodiments of the
present invention. As shown, urban design pipeline 120
includes a geometry engine 200, an evaluation engine 210,
and a tradeoff engine 220. Geometry engine 200 and evalu-
ation engine 210 are configured to perform an iterative
process to generate candidate designs 206 based on design
criteria 202 and design objectives 204. Tradeoff engine
analyzes these candidate designs 206 based on performance
modifications 222 to generate design options 140. Design
options 140 represent feasible and well performing designs
for the urban design project.

Design criteria 202 can include design constraints that
generally describe features and/or attributes of designs that
should be avoided when generating design options 140. A
given design constraint could indicate, for example, regions
of the physical property where the construction of structures
cannot occur, a maximum number of floors for structures
that cannot be exceeded, disallowed placement patterns for
roadways, and so forth. Design constraints can be derived
from local development regulations and/or building codes as
well as directives received from one or more stakeholders in
the urban design project.

Design criteria 202 can also include design requirements
that generally describe features and/or attributes of designs
that should be included within design options 140. A given
design requirement could indicate, for example, one or more
required orientations for structures, a number of parking lots
needed for each structure, a target configuration for roadway
intersections, and so forth. Design requirements can be
derived from local development regulations and/or building
codes as well as directives received from one or more
stakeholders in the urban design project.

Design objectives 204 include a set of objective functions
to be maximized or minimized when generating design
options 140. A given objective function quantifies a specific
attribute of a given design. In one embodiment, design
objectives 204 may include objective functions that quantify
solar energy collection, available sight lines associated with
windows in structures, the size of yards associated with
structures, the variety of neighborhoods, the distribution of
programs, total project cost, and total project profit.

Design objectives 204 can include multiple competing
design objectives. As described herein, any two or more
design objectives are referred to as “competing” when
increasing the degree to which one of those design options
is optimized tends to decrease the degree to which another
one of those design options is optimized. For example,
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design objectives 204 could include a first design objective
indicating that profit should be maximized by any given
candidate design 206, as well as a second design objective
indicating that solar energy generation should be maximized
by any given candidate design 206. These exemplary design
objectives are considered “competing” because increasing
profit for a given candidate design 206 would tend to
increase the density with which structures are placed within
the candidate design 206, thereby increasing roof shading
and diminishing the ability of solar panels to generate solar
energy. Conversely, increasing solar energy collection for
the given candidate design 206 would tend to decrease the
density with which structures are placed within the candi-
date design 206, thereby decreasing roof shading and
enhancing the ability of solar panels to generate solar
energy. As described in greater detail below, once geometry
engine 200 and evaluation engine 210 generate candidate
designs 206, tradeoff engine 220 analyzes candidate designs
206 and balances various competing design objectives
against one another to produce design options 140.

In operation, geometry engine 200 receives design criteria
202 and design objectives 204 and generates candidate
designs 206 for the urban design project. Each candidate
design 206 describes a different development plan for devel-
oping the physical property with various structures, road-
ways, and other fixtures associated with the urban design
project. A given candidate design 206 meets some or all
design criteria 202 and is therefore generally considered a
feasible design. Candidate designs 206 also achieve design
objectives 204 to varying degrees, including any competing
design objectives included therein. Evaluation engine 210
evaluates each candidate design 206 based on the objective
functions included in design objectives 204 to generate
design metrics 212. The design metrics 212 generated for a
given candidate design 206 quantify the degree to which
design objectives 204 are met by the given candidate design
206. In one embodiment, design metrics 212 may quantify
the solar energy collection, available sight lines, yard size,
neighborhood variety, program distribution, total project
cost, and total project profit for the given candidate design
206.

Geometry engine 200 analyzes design metrics 212 in
conjunction with candidate designs 206 and then regenerates
and/or modifies candidate designs 206 to generate improved
versions of candidate designs 206 that better achieve design
objectives 204 while still meeting design criteria 202. In this
fashion, geometry engine 200 and evaluation engine 210
complete one iteration of urban design pipeline 120. In a
subsequent iteration, evaluation engine 210 generates design
metrics 212 for these improved versions of candidate
designs 206, and geometry engine 200 again regenerates
and/or modifies candidate designs 206. In one embodiment,
geometry engine 200 and evaluation engine 210 execute a
multi-objective solver in order to generate and/or update
candidate designs 206. Geometry engine 200 and evaluation
engine 210 iteratively generate and modify candidate
designs 206 until one or more convergence criteria are met.
When the convergence criteria are met, urban design pipe-
line 120 outputs the resultant set of candidate designs 206 to
tradeoff engine 220.

Tradeoff engine 220 is configured to analyze candidate
designs 206 to determine specific candidate designs 206 that
balance multiple competing design objectives better than
others. In so doing, tradeoff engine 220 generates a design
tradeoff space 224 based on candidate designs 206 and
design metrics 212. Design tradeoff space 224 is a multidi-
mensional space within which candidate designs 206 are
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positioned along multiple dimensions that correspond to the
multiple competing design objectives. The position of a
given candidate design 206 along a particular dimension
depends on a corresponding design metric 212 that is
generated to indicate the degree to which the given candi-
date design 206 meets a specific design objective 204. FIG.
3A illustrates an example of design tradeoff space 224 and
is described in greater detail below.

Tradeoff engine 220 is configured to traverse design
tradeoff space 224 based on performance modifications 222
to identify specific candidate designs 206 which most effec-
tively balance the set of competing design objectives. Per-
formance modifications 222 specify ranges of acceptable
changes in the performance of candidate designs 206 rela-
tive to the multiple competing design objectives. Perfor-
mance modifications 222 can be obtained from different and
potentially independent stakeholders in the urban design
project. FIG. 3B illustrates an example of how tradeoff
engine 220 traverses design tradeoff space 224 and is
described in greater detail below.

Once tradeoff engine 220 traverses design tradeoff space
224 in the manner described, tradeoff engine 220 outputs the
identified candidate designs 206 as design options 140.
Under circumstances where tradeoff engine 220 cannot find
candidate designs 206 that effectively balance the competing
design objectives, tradeoff engine 220 can also re-initiate the
iterative design process in order to cause geometry engine
200 and evaluation engine 210 to generate additional can-
didate designs 206.

One advantage of the approach described above is that
candidate designs 206 can be generated to meet the various
design objectives 204 to varying degrees, thereby avoiding
situations where one or more design objectives are alto-
gether neglected. Another advantage of the above-described
approach is that candidate designs 206 are processed to
identify those candidate designs 206 which effectively bal-
ance competing design objectives. Accordingly, design
options 140 can be generated which equitably meet the
potentially conflicting interests of different stakeholders.

Generating and Traversing Design Tradeoff Space

FIGS. 3A-3B illustrates how the tradeoft engine of FIG.
2 automatically analyzes and makes tradeoffs between com-
peting design objectives, according to various embodiments
of the present invention. As discussed above in conjunction
with FIG. 2, geometry engine 200 and evaluation engine 210
interoperate to generate candidate designs 206 and design
metrics 212 via an iterative design process. Tradeoff engine
then generates design tradeoff space 224, an example of
which is described below in conjunction with FIG. 3A.

Referring now to FIG. 3A, as shown, an exemplary design
tradeoff space 224 includes a plurality of candidate designs
206 organized along different axes 300 that divide a two-
dimensional space into quadrants 310(0), 310(1), 310(2),
and 310(3). Axis 300(0) corresponds to a solar metric while
axis 300(1) corresponds to a profit metric.

Tradeoff engine 220 generates design tradeoff space 224
by placing each candidate design 206 at positions along axes
300 based on the design metrics 212 corresponding to those
candidate designs 206. As discussed, design metrics 212
include a solar metric and a profit metric for each different
candidate design 206. The solar metric for a given candidate
design 206 reflects the degree to which a design objective
204 quantifying solar energy generation is met, while the
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profit metric for the given candidate design 206 reflects the
degree to which a design objective 204 quantifying profit is
met.

Accordingly, when generating design tradeoff space 224,
tradeoff engine 220 places candidate designs 206 with low
solar metrics and low profit metrics into quadrant 310(0),
candidate designs 206 with low solar metrics and high profit
metrics into quadrant 310(1), candidate designs 206 high
solar metrics and high profit metrics reside into quadrant
310(2), and candidate designs 206 high solar metrics and
low profit metrics reside into quadrant 310(3).

Tradeoff engine 220 then traverses between different
regions of design tradeoff space 224 in order to determine
specific candidate designs 206 that balance solar power
generation against profit to varying degrees. In particular,
tradeoff engine 220 can execute discrete traversals of design
tradeoff space 224 between different candidate designs 206
based on specific performance modifications 222. An
example of how tradeoff engine 220 performs this technique
is described in greater detail below in conjunction with FIG.
3B.

Referring now to FIG. 3B, as shown, tradeoff engine 220
traverses design tradeoff space 224 from an initial candidate
design 206(0) to a final candidate design 206(1) via a
traversal 320. Tradeoff engine 220 performs traversal 320
based on performance modifications 222(0) and 222(1). As
mentioned above, performance modifications 222 indicate
ranges of acceptable changes to the performance of candi-
date designs 206 that can be obtained from different stake-
holders in the urban design project. The different stakehold-
ers may have competing goals for the urban design project,
as indicated in design objectives 204. Each stakeholder may
be willing to sacrifice the degree to which these goals are
achieved, though, as expressed via performance modifica-
tions 222.

For example, suppose a first stakeholder is primarily
interested in profit and therefore favors candidate designs
206 that reside in quadrants 310(1) and 310(2). The first
stakeholder could be, for example, an executive responsible
for the financial success of the urban design project. Suppose
also that a second stakeholder is primarily interested in solar
power generation and therefore favors candidate designs 206
that reside in quadrants 310(2) and 310(3). During the
iterative design process, geometry engine 200 and evalua-
tion engine 210 could generate a candidate design 206(0)
that meets design criteria 202 and addresses design objec-
tives 204 to varying degrees, yet favors profit over solar
power generation. In particular, as is shown, candidate
design 206(0) resides in the high profit/low solar quadrant
310(1).

Tradeoff engine 220 would address this imbalance based
on performance modifications 222 obtained from the first
and second stakeholders. In the example shown, perfor-
mance modification 222(0) would indicate that the first
stakeholder is willing to sacrifice a portion of profit, while
performance modification 222(1) would indicate that the
second stakeholder prefers an increase in solar power gen-
eration. Tradeoff engine 220 analyzes these two perfor-
mance modifications to generate traversal 320. In one
embodiment, tradeoff engine 220 may generate a first vector
within design tradeoff space 224 corresponding to modifi-
cation 222(0) and generate a second vector within design
tradeoff space 224 corresponding to modification 222(1).
Traversal 320 spans a portion of design tradeoff space 224
between the relatively imbalanced candidate design 206(0)
and the more balanced candidate design 206(1). Candidate
design 206(1) resides in the high profit/high solar quadrant
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310(2), and therefore equitably addresses the competing
design objectives associated with the two stakeholders.

In one embodiment, tradeoff engine 220 may quantify the
degree to which any given candidate design 206 balances the
competing design metrics relative to other candidate designs
206 by generating a combined metric for each candidate
design 206. Tradeoff engine 220 may generate the combined
metric for a given candidate design 206 based on the
position of that candidate design within design tradeoff
space 224. For example, for a given candidate design 206,
tradeoff engine 220 could compute a ratio between a first
design metric that should be increased and a second design
metric that should be decreased. Tradeoff engine 206 could
perform the same process with other candidate designs, and
then compare the various candidate designs to determine
which design maximizes the computed ratio.

Referring generally to FIGS. 3A-3B, in various embodi-
ments tradeoff engine 220 generates a graphical user inter-
face (GUI) based on design tradeoff space 224. The GUI
allows users to input design modifications 222 and observe
how tradeoff engine 220 traverses design tradeoff space 224.
For example, tradeoff engine 220 could generate various
GUI elements that depict design tradeoff space 224 shown in
FIG. 3A and further depict the various operations for tra-
versing that design tradeoff space shown in FIG. 3B. This
approach improves upon conventional techniques for gen-
erating candidate designs because the designer is provided
with techniques that greatly simplify and streamline the
otherwise difficult task of producing candidate designs
which balance a set of competing design objectives.

As a general matter, tradeoff engine 220 can perform the
above-described techniques with any technically feasible set
of competing design objectives. Tradeoff engine 220 can
also perform these techniques with multiple different com-
binations of competing design objectives in an iterative
manner in order to identify candidate designs 206 that
balance many different competing design objectives.

For example, suppose that the candidate designs 206
discussed above are also driven by the additional design
constraint 204 that the area of parkland should be maxi-
mized. Maximizing the area of parkland competes with
maximizing profit because increasing the area of parkland
reduces the area available for housing. Similarly, maximiz-
ing the area of parkland competes with maximizing solar
power generation because increasing the area of parkland
reduces the area available to place solar panels. Tradeoff
engine 220 could address this situation using at least two
techniques.

In one embodiment, tradeoff engine 220 may generate
multiple design tradeoff spaces 224 in order to analyze
tradeoffs between different combinations of the three com-
peting design objectives. For each design tradeoff space 224,
tradeoff engine 220 may perform the techniques described
above in conjunction with FIGS. 3A-3B to identify candi-
date designs 206 that balance the associated combination of
competing design objectives based on a corresponding set of
performance modifications 222. Performance modifications
222 associated with the additional design objective could be
obtained from a third stakeholder, among others. Tradeoff
engine 220 may analyze each design tradeoff space 224 to
generate three different sets of candidate designs 206 and
then identify any candidate designs 206 falling within all
three sets. The identified candidate designs 206 may balance
the three competing design objectives.

In another embodiment, tradeoff engine 220 generates a
three-dimensional design tradeoff space populated with can-
didate designs 206 in order to analyze tradeoffs between all
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three competing design objectives. Each axis of the three-
dimensional design tradeoff space corresponds to a different
design metric 212 associated with a given one of the
competing design objectives. Tradeoff engine 220 traverses
the three-dimensional tradeoff space based on three perfor-
mance modifications potentially obtained from three differ-
ent stakeholders. Persons skilled in the art will understand
how the techniques describe above in conjunction with
FIGS. 3A-3B can be adapted from two dimensions to three
dimensions.

The disclosed techniques advantageously provide design-
ers with tools for automatically generating candidate designs
206 and design options 140 that meet multiple competing
design objectives potentially provided by different stake-
holders. These techniques are described in greater detail
below in conjunction with FIG. 4.

Generating and Evaluating Competing Designs

FIG. 4 is a flow diagram of method steps for automatically
analyzing competing design objectives when generating
designs for urban design projects, according to various
embodiments of the present invention. Although the method
steps are described in conjunction with the systems of FIGS.
1-3B, persons skilled in the art will understand that any
system configured to perform the method steps in any order
falls within the scope of the present invention.

As shown, a method 400 begins at step 402, where
geometry engine 200 within urban design pipeline 120
generates a set of candidate designs based on design criteria
and design objectives. The design criteria can include design
constraints that describe features and/or attributes of designs
that should be avoided when generating candidate designs.
The design criteria can also include design requirements that
describe features and/or attributes of designs that should be
included within candidate designs. The design objectives
include a set of objective functions that should be maxi-
mized or minimized when generating candidate designs, and
generally include multiple competing design objectives.
Geometry engine 200 shown in FIG. 2 generates the set of
candidate designs based on the design criteria and design
objectives. A given candidate design describes a different
development plan for developing the physical property.
Each candidate design generally meets the design criteria
and addresses the design objectives to varying degrees, but
some candidate designs can optimize certain design objec-
tives better than others.

At step 404, evaluation engine 210 evaluates the set of
candidate designs generated at step 402 to generate a set of
design metrics. Evaluation engine 210 can generate a mul-
titude of different metrics, including a solar energy collec-
tion metric, an available sight lines metric, a yard size
metric, a neighborhood variety metric, a program distribu-
tion metric, a total project cost metric, and a total project
profit metric, among others. Each metric generated by
evaluation engine 210 quantifies the degree to which a
particular design objective is met. Accordingly, specific
metrics that are associated with competing design objectives
may have inverse relationships with one another due to the
competing nature of those design objectives.

At step 406, tradeoff engine 220 within urban design
pipeline 120 generates a design tradeoff space spanning a
range of metric values. The design tradeoft space generally
includes at least two axes corresponding to at least two
competing design objectives. Each axis spans a range of
values for the design metric associated with the correspond-
ing design objective. In some cases, tradeoff engine 220
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generates a design tradeoff space with more than two axes in
order to analyze three or more competing design objectives.

At step 408, tradeoff engine 220 populates the design
tradeoff space generated at step 406 with the set of candidate
designs generated at step 402 based on the set of design
metrics generated at step 404. Conceptually, the design
metrics generated for a given candidate design represent a
set of coordinates in a multidimensional coordinate space.
Tradeoff engine 220 can position the given candidate design
within the design tradeoff space using the corresponding
design metrics as coordinates.

At step 410, tradeoff engine 220 obtains a set of perfor-
mance modifications. The performance modifications could
be provided by the design or could be derived from one or
more stakeholders in the urban design project, for example.
A given performance modification generally indicates a
range of acceptable or desirable changes to a particular
design metric. For example, a performance modification
associated with a yard size metric could indicate that a yard
size reduction of 20% or less is acceptable. Alternatively, a
performance metric associated with project cost could indi-
cate that a cost reduction of 10% is required.

At step 412, tradeoff engine 220 traverses the design
tradeoff’ space from an initial position to a final position
based on the set of performance modifications. Each per-
formance modification obtained at step 410 conceptually
represents a traversal within one dimension of the design
tradeoff space. Accordingly, tradeoff engine 220 can traverse
the design tradeoff space in multiple dimensions by consid-
ering each performance modification separately.

At step 414, tradeoff engine 220 determines a candidate
design associated with the final position within the design
tradeoff space. The candidate design determined at step 414
balances the competing design objectives by addressing
each such design objective more or less equally and may
therefore be output as a design option. By implementing the
method 400, stakeholders involved with the urban design
project can be provided with candidate designs that meet
diverse and potentially conflicting sets of design objectives.

In sum, an urban design pipeline is configured to auto-
matically generate design options that meet competing
design objectives. A geometry engine within the urban
design pipeline generates candidate designs for an urban
design project. An evaluation engine within the urban design
pipeline evaluates the degree to which each candidate design
addresses the competing design objectives to produce a set
of design metrics. A tradeoff engine within the urban design
pipeline generates a design tradeoff’ space based on the
candidate designs and corresponding design metrics. The
tradeoff engine traverses the design tradeoff space based on
one or more performance modifications to adjust the degree
to which the competing design objectives are addressed. The
performance modifications can be obtained from any num-
ber of stakeholders in the urban design project. In this
manner, the urban design pipeline generates and/or modifies
candidate designs to generate design options that balance
competing design objectives that potentially originate from
multiple stakeholders.

At least one technological advantage of the disclosed
urban design pipeline is that design options are automati-
cally generated that meet numerous competing design objec-
tives. Accordingly, a designer can generate design options
with minimal risk of failing to adequately balance those
competing design objectives or failing to address any spe-
cific design objective. Another technological advantage is
that the disclosed urban design pipeline automatically
adjusts a set of candidate designs based on multiple perfor-
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mance modifications that can be obtained from different
stakeholders in the urban design project. Thus, the designer
is relieved from having to negotiate between stakeholders
with contrary intentions for the urban design project. These
technological advantages represent multiple technological
advancements relative to prior art approaches.

1. Some embodiments include a computer-implemented
method for generating designs for an urban design project
via a computer-aided design (CAD) application, the method
comprising generating, via a tradeoff engine included in the
CAD application, a design tradeoff space that includes a
plurality of candidate designs positioned along multiple
dimensions within the design tradeoff space based on dif-
ferent sets of design metrics, determining, via the tradeoff
engine, a first set of performance modifications based on one
or more user interactions, wherein the first set of perfor-
mance modifications indicates changes that, when applied to
a first set of design metrics associated with a first candidate
design, produce a second set of design metrics, traversing,
via the tradeoff engine, the design tradeoft space from the
first candidate design to a second candidate design based on
the first set of performance modifications, wherein the
second candidate design is associated with the second set of
design metrics, generating, via the tradeoft engine, a first
combined metric for the first candidate design based on the
first set of metrics, and generating, via the tradeoff engine,
a second combined metric for the second candidate design
based on the second set of metrics, wherein the second
combined metric is greater than the first combined metric,
thereby indicating that the second candidate design is a
higher ranked design than the first candidate design.

2. The computer-implemented method of clause 1, further
comprising generating, via a geometry engine included in
the CAD application, the plurality of candidate designs,
wherein each one of the candidate designs includes a geo-
metrical layout for developing a region of land according to
a first design criterion.

3. The computer-implemented method of any of clauses
1-2, wherein the first design criterion indicates a property
boundary associated with the region of land within which
construction is allowed to occur and outside of which
construction is not allowed to occur.

4. The computer-implemented method of any of clauses
1-3, further comprising generating, via an evaluation engine
included in the CAD application, a different set of design
metrics for each candidate design included in the plurality of
candidate designs based on a set of competing design
objectives.

5. The computer-implemented method of any of clauses
1-4, wherein the competing set of design objectives includes
a first objective function and a second objective function,
and wherein an increase in value of the first objective
function causes a decrease in value of the second objective
function for a given candidate design.

6. The computer-implemented method of any of clauses
1-5, wherein generating the design tradeoff space comprises
generating, via the tradeoff engine, multiple axes corre-
sponding to the multiple dimensions, wherein each axis
corresponds to a different competing design objective, and
positioning, via the tradeoft engine, each candidate design
within the design tradeoff space based on a corresponding
set of design metrics.

7. The computer-implemented method of any of clauses
1-6, wherein determining the first set of performance modi-
fications comprises determining a first decrease to a first
design metric included in the first set of design metrics based
on a first user interaction, and determining a first increase to
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a second design metric included in the first set of design
metrics based on a second user interaction.

8. The computer-implemented method of any of clauses
1-7, wherein traversing the design tradeoff space comprises
generating a first vector within the design tradeoff space
based on a first performance modification included in the
first set of performance modifications, wherein the first
vector traverses along a first dimension in the multiple
dimensions, generating a second vector within the design
tradeoff space based on a second performance modification
included in the first set of performance modifications,
wherein the second vector traverses along a second dimen-
sion in the multiple dimensions, and generating a third
vector that traverses along the first dimension and the second
dimension within the design tradeoff space based on the first
vector and the second vector.

9. The computer-implemented method of any of clauses
1-8, wherein the set of performance modifications indicates
that the first design metric should be decreased and the
second design metric should be increased.

10. The computer-implemented method of any of clauses
1-9, further comprising generating a graphical user interface
(GUI) that includes the design tradeoff space, obtaining the
first set of performance modifications via one or more user
interactions with the GUIL, and generating one or more GUI
elements depicting how the design tradeoff space is tra-
versed.

11. Some embodiments include a non-transitory com-
puter-readable medium storing program instructions that,
when executed by one or more processors, causes the one or
more processors to generate designs for an urban design
project via a computer-aided design (CAD) application by
performing the steps of generating, via a tradeoff engine
included in the CAD application, a design tradeoff space that
includes a plurality of candidate designs positioned along
multiple dimensions within the design tradeoff space based
on different sets of design metrics, determining, via the
tradeoff engine, a first set of performance modifications
based on one or more user interactions, wherein the first set
of performance modifications indicates changes that, when
applied to a first set of design metrics associated with a first
candidate design, produce a second set of design metrics,
traversing, via the tradeoff engine, the design tradeoff space
from the first candidate design to a second candidate design
based on the first set of performance modifications, wherein
the second candidate design is associated with the second set
of design metrics, generating, via the tradeoff engine, a first
combined metric for the first candidate design based on the
first set of metrics, and generating, via the tradeoff engine,
a second combined metric for the second candidate design
based on the second set of metrics, wherein the second
combined metric is greater than the first combined metric,
thereby indicating that the second candidate design is a
higher ranked design than the first candidate design.

12. The non-transitory computer-readable medium of
clause 11, further comprising the step of generating, via a
geometry engine included in the CAD application, the
plurality of candidate designs, wherein each one of the
candidate designs includes a geometrical layout for devel-
oping a region of land according to a first design criterion.

13. The non-transitory computer-readable medium of any
of clauses 11-12, wherein the first design criterion indicates
a property boundary associated with the region of land
within which construction is allowed to occur and outside of
which construction is not allowed to occur.

14. The non-transitory computer-readable medium of any
of clauses 11-13, further comprising the step of generating,
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via an evaluation engine included in the CAD application, a
different set of design metrics for each candidate design
included in the plurality of candidate designs based on a set
of competing design objectives.

15. The non-transitory computer-readable medium of any
of clauses 11-14, wherein the competing set of design
objectives includes a first objective function and a second
objective function, and wherein an increase in value of the
first objective function causes a decrease in value of the
second objective function for a given candidate design.

16. The non-transitory computer-readable medium of any
of clauses 11-15, wherein the step of generating the design
tradeoff space comprises generating, via the tradeoff engine,
multiple axes corresponding to the multiple dimensions,
wherein each axis corresponds to a different competing
design objective, and positioning, via the tradeoff engine,
each candidate design within the design tradeoft space based
on a corresponding set of design metrics.

17. The non-transitory computer-readable medium of any
of clauses 11-16, wherein the step of determining the first set
of performance modifications comprises determining a first
decrease to a first design metric included in the first set of
design metrics based on a first user interaction, and deter-
mining a first increase to a second design metric included in
the first set of design metrics based on a second user
interaction.

18. The non-transitory computer-readable medium of any
of clauses 11-17, wherein the step of traversing the design
tradeoff space comprises generating a first vector within the
design tradeoff space based on a first performance modifi-
cation included in the first set of performance modifications,
wherein the first vector traverses along a first dimension in
the multiple dimensions, generating a second vector within
the design tradeoff space based on a second performance
modification included in the first set of performance modi-
fications, wherein the second vector traverses along a second
dimension in the multiple dimensions, generating a third
vector within the design tradeoff space based on a third
performance modification included in the first set of perfor-
mance modifications, wherein the third vector traverses
along a third dimension in the multiple dimensions, and
generating a fourth vector that traverses along the first
dimension, the second dimension, and the third dimension
within the design tradeoft space based on the first vector, the
second vector, and the third vector, wherein the set of
performance modifications indicates that the first design
metric and the second design metric should be decreased and
the third design metric should be increased.

19. The non-transitory computer-readable medium of any
of clauses 11-18, further comprising generating a graphical
user interface (GUI) that includes the design tradeoff space,
obtaining a first performance modification via a first user
interaction with the GUI, obtaining a second performance
modification via a second user interaction with the GUI,
generating a first GUI element based on the first perfor-
mance modification, and generating a second GUI element
based on the second performance modification, wherein the
first GUI element and the second GUI element depict how
the design tradeoff space is traversed.

20. Some embodiments include a system, comprising a
memory storing a computer-aided design (CAD) applica-
tion, and one or more processors that, when executing the
CAD application, are configured to perform the steps of
generating, via a tradeoff engine included in the CAD
application, a design tradeoft space that includes a plurality
of candidate designs positioned along multiple dimensions
within the design tradeoff space based on different sets of
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design metrics, determining, via the tradeoff engine, a first
set of performance modifications based on one or more user
interactions, wherein the first set of performance modifica-
tions indicates changes that, when applied to a first set of
design metrics associated with a first candidate design,
produce a second set of design metrics, traversing, via the
tradeoff engine, the design tradeoff space from the first
candidate design to a second candidate design based on the
first set of performance modifications, wherein the second
candidate design is associated with the second set of design
metrics, generating, via the tradeoff engine, a first combined
metric for the first candidate design based on the first set of
metrics, and generating, via the tradeoff engine, a second
combined metric for the second candidate design based on
the second set of metrics, wherein the second combined
metric is greater than the first combined metric, thereby
indicating that the second candidate design is a higher
ranked design than the first candidate design.

Any and all combinations of any of the claim elements
recited in any of the claims and/or any elements described in
this application, in any fashion, fall within the contemplated
scope of the present invention and protection.

The descriptions of the various embodiments have been
presented for purposes of illustration, but are not intended to
be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the described embodiments.

Aspects of the present embodiments may be embodied as
a system, method or computer program product. Accord-
ingly, aspects of the present disclosure may take the form of
an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “module” or “system.” Furthermore, aspects of the
present disclosure may take the form of a computer program
product embodied in one or more computer readable medi-
um(s) having computer readable program code embodied
thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

Aspects of the present disclosure are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
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flowchart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine. The instructions, when executed via the processor
of the computer or other programmable data processing
apparatus, enable the implementation of the functions/acts
specified in the flowchart and/or block diagram block or
blocks. Such processors may be, without limitation, general
purpose processors, special-purpose processors, application-
specific processors, or field-programmable gate arrays.

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

While the preceding is directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:

1. A computer-implemented method for generating
designs for an urban design project via a computer-aided
design (CAD) application, the method comprising:

generating, via a geometry engine included in the CAD

application, a plurality of candidate designs based on a
set of design criteria and a set of competing design
objectives;
generating, via a tradeoff engine included in the CAD
application, a design tradeoff space that includes the
plurality of candidate designs having values associated
with multiple dimensions within the design tradeoff
space based on different sets of design metrics, wherein
each design metric included in the different sets of
design metrics quantifies a degree to which a corre-
sponding design objective is met, and wherein a first
graphical user interface can be used to visualize two
dimensions of the multiple dimensions at a given time;

receiving a first set of performance modifications speci-
fying one or more changes to one or more of the
degrees to which one or more design objectives
included in the set of competing design objectives are
met;

traversing, via the tradeoff engine, the design tradeoff

space from a first position in the design tradeoft space
associated with a first set of degrees to which the one
or more design objectives are met for a first candidate
design included in the plurality of candidate designs to
a second position in the design tradeoff space associ-
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ated with a second set of degrees to which the one or
more design objectives are met based on the first set of
performance modifications;

generating a second candidate design not included in the

plurality of candidate designs based on the second
position in the tradeoff space;
generating, via the tradeoff engine, a first combined
metric for the first candidate design based on a first set
of design metrics for the first candidate design; and

generating, via the tradeoff engine, a second combined
metric for the second candidate design based on a
second set of design metrics for the second candidate
design, wherein the second combined metric is greater
than the first combined metric, thereby indicating that
the second candidate design is a higher ranked design
than the first candidate design.

2. The computer-implemented method of claim 1,
wherein each candidate design included in the plurality of
candidate designs includes a geometrical layout for devel-
oping a region of land according to a first design criterion.

3. The computer-implemented method of claim 2,
wherein the first design criterion indicates a property bound-
ary associated with the region of land within which con-
struction is allowed to occur and outside of which construc-
tion is not allowed to occur.

4. The computer-implemented method of claim 1, further
comprising generating, via an evaluation engine included in
the CAD application, a different set of design metrics for
each candidate design included in the plurality of candidate
designs based on the set of competing design objectives.

5. The computer-implemented method of claim 4,
wherein the set of competing design objectives includes a
first objective function and a second objective function, and
wherein an increase in value of the first objective function
causes a decrease in value of the second objective function
for a given candidate design.

6. The computer-implemented method of claim 1,
wherein generating the design tradeoff space comprises:

generating, via the tradeoff engine, multiple axes corre-

sponding to the multiple dimensions, wherein each axis
corresponds to a different competing design objective;
and

positioning, via the tradeoff engine, each candidate design

within the design tradeoft space based on a correspond-
ing set of design metrics.

7. The computer-implemented method of claim 1,
wherein the first set of performance modifications is deter-
mined by:

determining a first decrease to a first design metric

included in the first set of design metrics based on a first
user interaction; and

determining a first increase to a second design metric

included in the first set of design metrics based on a
second user interaction.

8. The computer-implemented method of claim 1,
wherein traversing the design tradeoff space comprises:

generating a first vector within the design tradeoff space

based on a first performance modification included in
the first set of performance modifications, wherein the
first vector traverses along a first dimension in the
multiple dimensions;

generating a second vector within the design tradeoff

space based on a second performance modification
included in the first set of performance modifications,
wherein the second vector traverses along a second
dimension in the multiple dimensions; and
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generating a third vector that traverses along the first
dimension and the second dimension within the design
tradeoff space based on the first vector and the second
vector.

9. The computer-implemented method of claim 8,
wherein the first set of performance modifications indicates
that a first design metric quantifying a degree to which a first
design objective is met should be decreased and a second
design metric quantifying a degree to which a second design
objective is met should be increased.

10. The computer-implemented method of claim 1, fur-
ther comprising:

generating, within the first graphical user interface (GUI),

one or more GUI elements that depict a first axis in the
design tradeoff space and a second axis in the design
tradeoff space;
obtaining the first set of performance modifications via
one or more user interactions with the first GUI; and

depicting, within the one or more GUI elements, a first
traversal within a first dimension corresponding to the
first axis in the design tradeoff space and a second
traversal within a second dimension corresponding to
the second axis in the design tradeoff space.

11. One or more non-transitory computer-readable media
storing program instructions that, when executed by one or
more processors, causes the one or more processors to
generate designs for an urban design project via a computer-
aided design (CAD) application by performing the steps of:

generating, via a geometry engine included in the CAD

application, a plurality of candidate designs based on a
set of design criteria and a set of competing design
objectives;
generating, via a tradeoff engine included in the CAD
application, a design tradeoff space that includes the
plurality of candidate designs having values associated
with multiple dimensions within the design tradeoff
space based on different sets of design metrics, wherein
each design metric included in the different sets of
design metrics quantifies a degree to which a corre-
sponding design objective is met, and wherein a first
graphical user interface can be used to visualize two
dimensions of the multiple dimensions at a given time;

receiving a first set of performance modifications based
on one or more user interactions, wherein the first set
of performance modifications specifies one or more
changes to one or more of the degrees to which one or
more design objectives included in the set of competing
design objectives are met;

traversing, via the tradeoff engine, the design tradeoff

space from a first position in the design tradeoft space
associated with a first set of degrees to which the one
or more design objectives are met for a first candidate
design to a second position in the design tradeoff space
associated with a second set of degrees to which the one
or more design objectives are met based on the first set
of performance modifications;

generating a second candidate design not included in the

plurality of candidate designs based on the second
position in the tradeoff space;

generating, via the tradeoff engine, a first combined

metric for the first candidate design based on a first set
of design metrics for the first candidate design; and
generating, via the tradeoff engine, a second combined
metric for the second candidate design based on a
second set of design metrics for the second candidate
design, wherein the second combined metric is greater
than the first combined metric, thereby indicating that
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the second candidate design is a higher ranked design
than the first candidate design.

12. The one or more non-transitory computer-readable
media of claim 11, wherein each candidate design included
in the plurality of candidate designs includes a geometrical
layout for developing a region of land according to a first
design criterion.

13. The one or more non-transitory computer-readable
media of claim 12, wherein the first design criterion indi-
cates a property boundary associated with the region of land
within which construction is allowed to occur and outside of
which construction is not allowed to occur.

14. The one or more non-transitory computer-readable
media of claim 11, further comprising the step of generating,
via an evaluation engine included in the CAD application, a
different set of design metrics for each candidate design
included in the plurality of candidate designs based on the
set of competing design objectives.

15. The one or more non-transitory computer-readable
media of claim 14, wherein the set of competing design
objectives includes a first objective function and a second
objective function, and wherein an increase in value of the
first objective function causes a decrease in value of the
second objective function for a given candidate design.

16. The one or more non-transitory computer-readable
media of claim 11, wherein the step of generating the design
tradeoff space comprises:

generating, via the tradeoff engine, multiple axes corre-

sponding to the multiple dimensions, wherein each axis
corresponds to a different competing design objective;
and

positioning, via the tradeoff engine, each candidate design

within the design tradeoft space based on a correspond-
ing set of design metrics.

17. The one or more non-transitory computer-readable
media of claim 11, wherein the first set of performance
modifications is determined by:

determining a first decrease to a first design metric

included in the first set of design metrics based on a first
user interaction; and

determining a first increase to a second design metric

included in the first set of design metrics based on a
second user interaction.

18. The one or more non-transitory computer-readable
media of claim 11, wherein the step of traversing the design
tradeoff space comprises:

generating a first vector within the design tradeoff space

based on a first performance modification included in
the first set of performance modifications, wherein the
first vector traverses along a first dimension in the
multiple dimensions;

generating a second vector within the design tradeoff

space based on a second performance modification
included in the first set of performance modifications,
wherein the second vector traverses along a second
dimension in the multiple dimensions;

generating a third vector within the design tradeoft space

based on a third performance modification included in
the first set of performance modifications, wherein the
third vector traverses along a third dimension in the
multiple dimensions; and

generating a fourth vector that traverses along the first

dimension, the second dimension, and the third dimen-
sion within the design tradeoff space based on the first
vector, the second vector, and the third vector, wherein
the first set of performance modifications indicates that
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a first design metric and a second design metric should
be decreased and a third design metric should be
increased.

19. The one or more non-transitory computer-readable
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obtaining a first performance modification via a first user
interaction with the first graphical user interface (GUI);
obtaining a second performance modification via a second
user interaction with the first GUT;
generating a first GUI element that depicts a first traversal
within a first dimension of the design tradeoff space
based on the first performance modification; and
generating a second GUI element that depicts a second
traversal within a second dimension of the design
tradeoff space based on the second performance modi-
fication.
20. A system, comprising:
one or more memories storing a computer-aided design
(CAD) application; and
one or more processors that, when executing the CAD
application, are configured to perform the steps of:
generating, via a geometry engine included in the CAD
application, a plurality of candidate designs based on
a set of design criteria and a set of competing design
objectives;
generating, via a tradeoff engine included in the CAD
application, a design tradeoff space that includes the
plurality of candidate designs having values associ-
ated with multiple dimensions within the design
tradeoff space based on different sets of design
metrics, wherein each design metric included in the
different sets of design metrics quantifies a degree to
which a corresponding design objective is met, and
wherein a first graphical user interface can be used to
visualize two dimensions of the multiple dimensions
at a given time,
receiving a first set of performance modifications,
wherein the first set of performance modifications
specifies one or more changes to one or more of the
degrees to which one or more design objectives
included in the set of competing design objectives
are met,
traversing, via the tradeoff engine, the design tradeoff
space from a first position in the design tradeoff
space associated with a first set of degrees to which
the one or more design objectives are met for a first
candidate design to a second position in the design
tradeoff space associated with a second set of
degrees to which the one or more design objectives
are met based on the first set of performance modi-
fications,
generating a second candidate design not included in
the plurality of candidate designs based on the sec-
ond position in the tradeoff space;
generating, via the tradeoff engine, a first combined
metric for the first candidate design based on a first
set of design metrics for the first candidate design,
and
generating, via the tradeoff engine, a second combined
metric for the second candidate design based on a
second set of design metrics for the second candidate
design, wherein the second combined metric is
greater than the first combined metric, thereby indi-
cating that the second candidate design is a higher
ranked design than the first candidate design.
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